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Among  the  most  characteristic  effects  of  adrenin,  1  or  epine- 
phrin,  1 upon the animal body is  its  dilating action upon the pupil 
of mammals.  It was first discovered by Lewandowsky  ~ and  con- 
firmed by Boruttau  ~ and Langley.  4  In their experiments, however, 
the dilatation produced was very transient,  reaching its maximum 
within ten to thirty seconds after the intravenous injection and soon 
disappearing completely, the entire effect lasting two to  four min- 
utes at most.  Subcutaneous injections or instillations into the con- 
~unctival sac produced no effect, and the assumption was made that 
an early oxidation of the suprarenal extract within the tissues pre- 
vented its entrance into the blood-stream in the active form. 
It  was  discovered later,  however, by  Meltzer  and  C.  M.  Auer  B 
that the removal of a  superior cervical ganglion favors greatly the 
,dilating action of adrenin upon the pupil of the corresponding side, 
so that not only an intravenous, but even a  subcutaneous injection, 
or  an  instillation in  the  corresponding conjunctival sac,  caused  a 
prompt dilatation of the corresponding pupil.  Furthermore, with 
a  sufficiently large  dose of the adrenin, the dilatation of the pupil 
frequently lasted several hours.  This is the more striking since it 
is in contrast to the fleeting effect which the administration of the 
* Received for publication, April 3,  I912. 
1 Designations for the active principle of adrenal  extracts, in contradistinction 
~to the terms  employed  for  definite commercial preparations. 
* Lewandowsky, Arch. f. Physiol.,  I899, 360. 
a Boruttau,  Arch. f. d. ges. Physiol.,  1899, lxxviii, 112. 
* Langley, four.  Physiol.,  I9OI-2,  xxvii, 237. 
* Meltzer and  (C.  M.)  Auer, Am. four. Physiol.,  19o4,  xi, 2..8. 
644 Don R.  Joseph.  645 
extract produced upon the pupil on the side with the intact ganglion. 
To obtain such striking effects the administrations of the adrenin 
had to be made some time after  the removal of the ganglion, the 
necessary interval  for  rabbits being about twenty-four hours,  and 
for cats about forty-eight hours. 
The  doses  of  adrenin  employed in  the experiments of  Meltzer 
and Auer were calculated to bring out a maximum effect and there- 
fore were quite large  in most cases.  In recent experiments upon 
the relations of the splanchnic nerves to the secretion of the adre- 
nals  6 it became necessary to have some knowledge of the degree and 
duration of the effect which small doses of adrenin may exert upon 
the pupils.  I  have therefore carried out a series of experiments in 
which  the  dilating  effect  of  adrenin  upon the  pupil  was  studied 
essentially  from a  quantitative point of view.  This was  done by 
the  use  of  graded  doses,  and  the  attempt  was  made  to  find  the 
smallest dose to which the deganglionized pupil will respond with a 
recognizable reaction, as well as to establish, if possible, the amount 
and duration of the dilatation produced by various larger doses.  In 
addition, a  few experiments were made to establish more exactly, 
how soon after the removal of the ganglion the increased sensitive- 
ness of the pupil develops. 
METHODS. 
The experiments were made on rabbits.  White ones were used 
exclusively, because of the ease with which the border of their pupils 
can be seen.  From such rabbits, one superior cervical sympathetic 
ganglion was removed under morphin.  The right and left ganglia 
were removed in about an equal number of animals.  In the major- 
ity of the experiments the injections were made only after twenty- 
four hours, but in a  few instances they were given during the first 
twenty-four hours in order to see how soon the increased sensitive- 
ness appears.  Only intravenous injections were used.  In making 
the injections of adrenalin into a marginal rear vein the animals were 
held firmly in the hands of an assistant or were gently stretched out 
on a  Cannon board.  No anesthetic was required. 
6  Joseph and Meltzer, Proc. Am. Physiol. Soc., Am./our.  Physiol., I9x2, xxix, 
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The  solution  used  was  the  I:i,ooo  adrenalin  chlorid  solution 
(Parke,  Davis and Company).  In nearly all cases it was  used in 
this  strength.  In a  few instances in  which very small  doses  were 
given it was  necessary, for accuracy, to  dilute this  solution to  one 
half.  The doses of adrenalin used, stated in terms of cubic centi- 
meters of the  I : i,ooo solution per kilo of body weight,  were : ~0, 
~o, ½o, 1/lo, and 2Ao of a cubic centimeter.  A  tuberculin  (Record) 
syringe,  graduated  to  fiftieths  of  a  cubic  centimeter, was  used  in 
making the injections. 
After the injection the animal was released at once and the pupil 
readings were begun within a  minute and repeated every few min- 
utes  while  the  dilatation  lasted.  The  diameter  of  the  pupil  was 
estimated by comparing it with a pupillometer, consisting of a series 
of black discs of known diameter painted  on a  white  background. 
The pupil was rarely round, and in the protocols, where two diana- 
eters are given for a  single pupil,  the first one is  the horizontal as 
the animal stands erect, and the second, the vertical diameter.  The 
latter  is  almost  always  the greater.  The  light  conditions  in  indi- 
vidual experiments were as nearly constant as possible. 
EXPERIMENTAl, RESULTS. 
Adrenalin, ~o of a Cubic Centimeter per Kilo of Body Weight.-- 
In  this  series  there  were  eight  experiments  (table  I).  In  six  of 
them the ganglion had been removed more than twenty-four hours 
previously.  The dilatation produced was, with one exception, defi- 
nite  in  all  cases.  It  varied  for the  six  animals between o.~  of a 
millimeter (which is too small an amount to be considered a definite 
dilatation)  and  3  millimeters, the  average being  1.62  millimeters. 
The  dilatation  had  reached  its  maximum  in  all  cases  within  one 
minute after the injection.  Within three to five minutes  (average, 
four minutes) after the injection, a recovery of the pupil had begun. 
Recovery was  complete in  from  five to  twenty minutes  (average, 
ten minutes) after the injection. 
The  quantity  of  adrenalin  (0.02  of  a  milligram)  employed in 
table  I  is  almost  the  smallest  to  which  the  deganglionized  pupil 
responds.  A  smaller amount could evidently not be depended upon 
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TABLE  I. 
Adrenalin,  1/5o of  a Cubic Centimeter  per Kilo  of Body  Weight  of a  I:I,OO0 
Solution  (=  o.o2 of a Milligram  of Adrenalin  per Kilo). 
Time between in- 
Time between re-  jection and first  Time between injec- 
.Numbex of  moral of ganglion  Amount of dilata-  experiment,  and the experiment,  tion produced,  sign of recovery  tion and complete  of pupil,  recovery of pupil; 
II 
12 
7 
8 
55 
56 
9 
IO 
I8 hours 
18 hours 
46 hours 
46 hours 
5I hours 
5I hours 
5 days  ' 
5  days 
Averages  for  the last  six  experi- 
ments 
0.75 mm. 
t.oo mm. 
o.75 ram. 
3.0o ram. 
2.oo mm. 
0.50 mm. 
2.25 ram. 
2.25 ram. 
1.62 ram. 
6  minutes 
4 minutes 
3 minutes 
5 minutes 
4  minutes 
4  minutes 
4  minutes 
5  minutes 
x3 minutes 
i o  minutes 
20 minutes 
6  minutes 
5  minutes 
9  minutes 
9  minutes 
io minutes 
The  averages  in  this  as  well  as  in  the  four  succeeding  tables  are  derived 
only  from  the  experiments  performed  twenty-four  or  more  hours  after  the 
removal  of  the  superior  cervical ganglion. 
were made, the same technique being used as  for the adrenalin in- 
jections, but these caused no dilatation of the pupil. 
Adrenalin, ~o of a Cubic Centimeter per Kilo of Body Weight.-- 
In this series there were six animals (table II)  in all of which the 
TABLE  II. 
Adrenalin,  x/3o  of a Cubic Centimeter  per Kilo  of Body  Weight of a  I:x,ooo 
Solution  (=  o.o33 of a Milligram  of Adrenalin  per Kilo). 
.Number of  Time between re- 
moval of ganglion 
experiment,  and the experiment. 
I9  50 hours 
20  52 hours 
54  6  days 
53  6  days 
23  I9 days 
22  I9 days 
Averages for all six experiments 
Amount of dilata- 
tion produced. 
1.5o mm. 
2.00 mm. 
3.00 ram. 
2.25 mm. 
3.00  ram. 
L75 mm. 
2.25  mm. 
Time between in- 
jection and first 
sign of recovery 
of pupil. 
7  minutes 
5  minutes 
4  minutes 
xi minutes 
xo minutes 
xo minutes 
8minutes 
Time between injec- 
tion and  complete 
recovery of  pupil. 
7  minutes 
I I  minutes 
25 minutes 
85 minutes 
20 minutes 
2o minutes 
28 minutes. 
ganglion had been removed over twenty-four hours before the in- 
jection.  The maximum dilatation was observed in three of them 
within one minute after the injection, while in the three others the 
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of dilatation varied between 1. 5 and 3 millimeters, with an average 
of  2.25  millimeters.  A  beginning  recovery from  dilatation  was 
noted between  four and ten  (average eight)  minutes,  which was 
complete  in  from  seven  to  eighty-five  (average,  twemy-eight) 
minutes after the  injection.  There was  one marked exception in 
the time between the injection and complete recovery.  In five  of 
the six experiments, recovery was comPlete in twenty-five minutes 
or  less,  whereas  in  one  (rabbit  53)  this  period  was  eighty-five 
minutes in length.  Were it not for this exception the average time 
between the  injection and  complete recovery would  in  this  series 
be seventeen instead of twenty-eight minutes. 
Adrenalin, ½o of a Cubic Centimeter per Kilo of Body Weight.-- 
There were in this series  fourteen experiments, thirteen of which 
were carried out more than twenty-four hours after gangliectomy 
(table III).  In eleven of the thirteen experiments the dilatation had 
reached its maximum within one to two minutes after the injection, 
but in the remaining two it was maximal only after four minutes. 
It can be seen by a glance at table III that the amount of pupil dila- 
tation produced with this dosage was much more constant than after 
~0 and ~o of a cubic centimeter of adrenalin,--this being especially 
TABLE  III. 
Adrenalin,  I/zo  of a  Cubic  Centimeter per Kilo  of Body  Weiyht  of a  z:I,OOO 
Solution  (~---0.05 of a Milliyram  of Adrenalin per Kilo). 
Number of 
experiment. 
3 
6 
5 
x 
2 
33 
34 
15 
I4 
38 
I3 
4I 
49 
28 
Time between re- 
moval of ganglion 
and the experiment. 
I93 hours 
43  hours 
43  hours 
48  hours 
48  hours 
3  days 
3  days 
4  days 
4  days 
5  days 
6  days 
9  days 
x4 days 
I9 days 
Averages  for  the  last  thirteen 
experiments 
Amount of dilata- 
tion produced. 
1.25 ram. 
4.25 mm. 
2.50 ram. 
6,o0 mm. 
4~00 mm. 
3;50 ram. 
3,50 mm. 
3.50 mm. 
2.50 mm. 
2:75 ram. 
3.75 mm. 
3.5o ram. 
3.25 mm. 
3-75 mm. 
3.6O ram. 
Time between in- 
jection and first 
sign of recovery 
of pupil. 
6  minutes 
5  minutes 
8  minutes 
8  minutes 
11 minutes 
9  minutes 
4  minutes 
4  minutes 
6  minutes 
7  minutes 
6  minutes 
4  minutes 
5  minutes 
6  minutes 
Time between injec- 
tion and complete 
recovery of pupil. 
I3 minutes 
30 minutes 
39 minutes 
80 minutes 
75 minutes 
30 minutes 
5o minutes 
22 minutes 
I4 minutes 
20 minutes 
11 minutes 
44 minutes 
26 minutes 
48 minutes 
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evident in those animals in which the ganglion had been removed: 
three days and longer.  The maximum dilatation produced varied_ 
in the thirteen cases between 2. 5 and 6 millimeters, with an average 
of 3.60 millimeters.  Beginning recovery from dilatation was first 
noted in from four to eleven (average, six)minutes after the injec- 
tion.  Complete recovery had taken place in from eleven to eighty 
(average,  thirty-seven)  minutes after  the  injection.  Here  again, 
as with ~o  of a  cubic centimeter per kilo, the greatest variations 
(rabbits  I  and 2)  occur in rabbits in which the ganglion had been, 
removed forty-eight hours or less. 
Adrenalin, 1/lo of a Cubic Centimeter per Kilo of Body Weight.--~ 
In this series there were twelve animals (table IV), in eight of which 
TABLE  IV. 
Adrenalin,  z/Io  of a  Cubic  Centimeter per Kilo  of Body  Weight of  a  I:I,OOO~ 
Solution  (=-o.oi of a Milligram  of Adrenalin per Kilo). 
Number of 
experiment. 
4 2 
46 
44 
2I 
30 
52 
32 
z6 
z7 
i8 
48 
Time between re- 
moval of ganglion 
and the experiment. 
4 hours 
6 hours 
I6 hours 
20 hours 
Time between in- 
Amount of dilata-  j ection and first 
tion produced,  sign of recovery 
of pupil. 
Time between in- 
jection and com- 
plete recovery 
of pupil. 
No dilatation--definite constriction. 
No  dilatation--definite constriction for  IS  minutes._ 
½  millimeter dilatation followed in 3  minutes by con-- 
striction to a  size less than normal. 
3.5o millimeters  6  minutes  70 minutes 
3 days 
4 days 
4 days 
5 days 
7 days 
8 days 
8 days 
IS days 
3.00 millimeters 
4.25 millimeters 
3.50 millimeters 
4.2S millimeters 
2.75 millimeters 
4.50 millimeters 
4.00 millimeters 
4.5o millimeters 
6 minutes 
7 minutes 
5 minutes 
20 minutes 
7 minutes 
4 minutes 
x9 minutes 
Io minutes 
28 minutes 
40 minutes 
38 minutes 
40 miflutes 
53 minutes 
46 minutes 
65 minutes 
55 minutes 
Averages for the last eight experi- 
ments  3.84 millimeters  IO minutes  45 minutes 
the ganglion had been removed more than twenty-four hours before 
the injection of adrenalin.  The time between the injection and the 
appearance of the maximum dilatation seemed in this series to be 
somewhat longer than  with  smaller  doses.  In three, experiments 
this  period was  one minute;  in  one,  two  minutes;  in  three,  four 
minutes; and in one, seven  (average, three)  minutes.  In most, if 
not in all of the animals in which the maximum dilatation appeared 
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alin.  These  symptoms were  those  of  severe prostration,  during 
which the animal's nose usually rested on the table.  Occasionally, 
however, the animal might lie sprawled out for a  few minutes, the 
respiration being deeper and more rapid than normally, the animal 
taking no interest in  its  surroundings,  and making no  attempt to 
move about.  These symptoms were shown in varying degrees by 
most of the rabbits  which received the larger doses; i.  e.,  1/lo and 
3~0 of a cubic centimeter per kilo.  One rather striking effect of this 
kind will be mentioned in the account of the next series. 
Here, as also with ½o of a cubic centimeter per kilo,  the amount 
.of  dilatation  was  fairly constant.  It  varied  in  the  eight  experi- 
ments between 2.75  and 4-5  millimeters, with  an  average of 3.84 
millimeters.  A  beginning  recovery was  first  noted  between  five 
.and twenty (average, ten)  minutes after the injection.  Recovery 
from  dilatation  was  complete  in  from  twenty-eight to  sixtyfive 
(average, forty-five) minutes after the injection. 
Adrenalin, 2/lo of a Cubic Centimeter per Kilo of Body Weight.-- 
In this series of eleven animals, a superior cervical ganglion had been 
removed twenty-four or more hours before the injection of adren- 
~alin, the dose here employed, 0.2  of a  cubic centimeter per kilo of 
body weight, being the largest used in any of the five series  (table 
V).  In  seven of the  eleven experiments the maximum dilatation 
TABLE V. 
Adrenalin,  2/zo  of a  Cubic  Centimeter per Kilo  of Body  Weight  of a  I:Looo 
Solution  (=o.o2  of a Milligram  of Adrenalin  per Kilo). 
Time between in- 
Number of  Time between re-  Amount of dilata-  jectiou and first  Time between injec- 
experiment,  moval of ganglion  tion produced,  sign ot recovery of  tion and complete 
and experiment,  pupil,  recovery of pupil. 
45 
43 
29 
5 r 
3 r 
39 
36 
37 
35 
40 
47 
~4 hours 
24 hours 
4 days 
4 days 
5 days 
6 days 
8 days 
8 days 
8 days 
9 days 
I4 days 
5.5o millimeters 
4.00 millimeters 
4.75 millimeters 
6.25 millimeters 
4.oo millimeters 
4.25 millimeters 
3.25 millimeters 
4.25 millimeters 
3.5o millimeters 
5.75 millimeters 
2.5o millimeters 
5 minutes 
4 minutes 
8 minutes 
27 minutes 
30 minutes 
14 minutes 
t3 minutes 
8 minutes 
41 minutes 
43 minutes 
28 minutes 
38  minutes 
45  minutes 
95 +  +  minutes 
51 +  +  minutes 
i to  minutes 
17o  minutes 
76  minutes 
4o  minutes 
I4S  minutes 
I7o-t- -t- minutes 
xo5 +  -1- minutes 
Averages  for  all  eleven  of  the  4.36 millimeters 
experiments  2o minutes  x  oo +  minutes. Don  R. Joseph.  651 
was  recorded within  one to  two minutes after the  injection.  In 
the remaining four, this period was much longer, being respectively, 
ten,  fourteen, seventeen, and twenty-two minutes in length, so that 
the average for the eleven animals, six and a half minutes, is con- 
siderably longer than in any of the other series with smaller doses 
of adrenalin. 
I  shall  now describe in  detail the conduct of the  pupil  and  the 
symptoms following the  injection of adrenalin into  the animal in 
which  the  maximum  dilatation  appeared  only  after  twenty-two 
minutes. 
A  white  female  rabbit,  weighing  1,63o  grams,  received  very 
slowly in an ear vein 2Ao of a cubic centimeter per kilo of the adren- 
alin solution.  In three minutes the pupil  had increased 2. 5  milli- 
meters in diameter.  It continued to increase for a short time until 
the  total  dilatation  was  3  millimeters.  Then  serious  symptoms 
developed.  The animal which had up to this time appeared restless, 
sneezed repeatedly, brushed its nose with its paws, then jumped vio- 
lently out of the box a  number of times.  The iris was very pale, 
and the heart was very rapid.  Now and then the symptoms nearly 
disappeared and the animal sat  quietly on its  haunches.  Respira- 
tion was deep and slightly more rapid than normally.  During the 
attack the pupil became smaller and  did not again dilate until the 
animal quieted down, when, twenty-two minutes after the injection, 
the point of maximum dilatation was reached. 
The amount of dilatation produced in this series varied between 
2. 5 and 6.25  millimeters, with an average of 4.36 millimeters.  In 
only three of the eleven experiments was the maximum amount of 
dilatation produced less  than 4  millimeters, and in two of these it 
was 3.25  and 3-5 millimeters respectively.  The first sign of recov- 
ery from dilatation was recorded between four and forty-three min- 
utes  after the  injection,  with an  average of  twenty minutes.  In 
five of the eleven experiments the maximum dilatation persisted for 
from  twenty-seven to  forty-three minutes.  This  long  continued 
maximum  dilatation  was  more  prominent with  this  dosage  than 
with  any.  other  that  was  used.  The  return  of  the  pupil  to  the 
normal diameter was also far more gradual than after smaller doses 
of  adrenalin.  The  shortest  interval  between  injection  and  corn- 652  Effects  of Adrenalin  on  Pupils  of Rabbits. 
plete recovery of the pupil from dilatation was thirty-eight minutes, 
while in one case the recovery was not complete in one hundred and 
seventy minutes  (about three hours).  The average length of this 
interval  is  over  one  hundred minutes.  It  cannot  be  given  accu- 
rately,  for in several of the experiments the observations were dis- 
continued for various reasons before complete recovery had  taken 
place. 
In considering the experiments in each of the foregoing series, I 
have thus far said nothing regarding those in which the injections 
were given during the first twenty-four hours after removal of the 
ganglion.  By referring to tables I, III, and IV, and comparing in 
each  table  the  response  of  the pupil to  adrenalin  during the  first 
twenty-four hours  after  gangliectomy, with  the  response given at 
a later time to the same dose of adrenalin, the following points wilt 
be  noted:  Two  injections  (table  IV),  made  four  and  six  hours 
respectively after  the removal of the ganglion, gave,  not a  dilata- 
tion, but a  constriction of the pupil.  In another experiment in the 
same table  (rabbit  44),  an  injection sixteen hours after  gangliec- 
tomy gave a  dilatation of only o.5 of a millimeter, which was  fol- 
lowed in three minutes by a constriction tha.t made the pupil smaller 
than  normally.  In  still  another  animal  (rabbit  4)  an  injection 
given after twenty hours gave a  dilatation of 3.5 millimeters; i. e., 
well up to the average  for the whole series of injections given in 
this table. 
In brief, then, these few injections indicate that for the first few 
hours after removal of the corresponding ganglion, the pupil is no 
more  sensitive  to  the  action  of  adrenalin  than  is  the  pupil  of  a 
normal  animal;  that  within  sixteen  hours  after  gangliectomy,  a 
faint  dilatation  may  be  obtained,  while  somewhere  between  the 
eighteenth and the twenty-fourth hour the sensitiveness rises rapidly 
to nearly or quite that which is seen at any later time. 
The following protocols, one taken from each of the series with 
different doses of adrenalin,  will  serve  to  illustrate  the  course  of 
the action of adrenalin.  As  already  stated,  where two  diameters 
are given for a single pupil, the first is always the horizontal diam- 
eter as the animal stands erect, and the second the vertical diameter. 
In each protocol the pupil on the normal side serves as a control for 
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PROTOCOL  N0.  I. 
Rabbit  9.  November 23,  I9ZL  White Male;  Weight,  1,79o Grams. 
Right  Superior  Cervical Ganglion Removed  Five Days  Ago. 
Time.  Size of right pupil in ram.  Size of left (control) pupil in ram. 
Io:53 
II:O0 
II:O5 
II:I4 
Ix:IS 
II:IS 
II:23 
II:35 
II:55 
I2:20 
4.0  4.5  4.0  4.5 
4.0  4-5  4. °  4-5 
4.0  4.5  4.0  4.5 
Receivedx/5oc.c.p~  ~loof  ~dyweightofadrenalinintoleftear 
vein. 
6,5  4.0  4.5 
5.5  4.0  4.5 
4.0  4-5  4.0  4.5 
4.5  4.0  4.5 
4.0  4.5  4.0  4.5 
4.0  4-5  4.0  4.5 
PROTOCOL  NO.  2. 
Rabbit  23.  December  9,  19It.  White Male;  Weight,  1,4oo Grams. 
Left  Ganglion Removed  Nineteen  Days  Ago. 
Time. 
I0:46 
I0:56 
IZ:O5 
II:20 
II:2I 
II:24 
II:30 
II:40 
I2:00 
I2:I  5 
Sizeofrightpupil(con~ol)  inmm.  Sizeofl~pupilinmm. 
4.0  4-5  3.5  3.75 
4.0  4-5  3.75  4 .o 
4.0  4.5  3.75  4.0 
Receivedx~oc.c.~rkiloofbodyweightof  ~ren~inintorighte~ 
vein. 
4.0  4-5  6.0 
4.0  4.5  6.5  7.0 
3.75  4.0  5.5  6.0 
4.0  4.5  3-75  4.0 
4.0  4.5  4-5 
4.0  4.5  4.0 
P~OTOCOL  NO.  3. 
Rabbit  2.  November 20,  1911.  White Male;  Weight,  1,315 Grams. 
Left Superior  Cervical Ganglion Removed Forty-Eight Hours ./19o. 
Time. 
II:IO 
II:I 7 
II:2I 
II:35 
xr:35 
II:40 
x  x  :46 
xi:52 
12:00 
I2:IO 
I2:29 
I2:50 
I:I5 
I:2~ 
1:4~ 
2:08 
4:I5 
Size of right pupil (control) in mm.  Size of left pupil in ram. 
5-5  6,o  6.o  6.5 
5.5  6.o  6.0  6.5 
5.5  6.0  6.0  6. 5 
Received  l/20 c.c. per kilo of body weight of adrenalin  into right ear vein. 
5.5  6.0 
5.5  6.0 
6.0 
6.0  6.5 
6.o  6. 5 
6.0  6.5 
6,5 
6.0  6.5 
6,5 
6.0  6.5 
6.0 
6.o 
6.5  7.0 
IO.O 
IO.O 
9.o 
8.5 
8.o 
7.5  8.0 
7.0  7-5 
6.5  7.0 
7.0 
6.5  7.0 
6.5  7.0 
6.5  7.0 
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PROTOCOL  NO.  4- 
Rabbit  48.  January  17,  1912.  White Female;  Weight,  1,6oo Grams. 
Right  Superior  Cervical  Ganglion  Removed  Fifteen  Days  Ago. 
Time. 
I:18 
1:28 
i :33 
1:35 
1:36 
1:39 
1:45 
1:55 
2:07 
2:30 
3:I3 
Size of right pupil in ram.  Size of left (control) pupil in ram. 
4.75  5.75  5.25  6.25 
5.25  5-75  4.75  5-5 
4.5  5.0  4.75  5.25 
Received I/1O c.c. per kilo of body weight of adrenalin into left ear vein. 
7.5  8.5  4.75  5.75 
9.0  9.25  4.5  5.0 
8.0  8.25  4.75  5.25 
7.25  8.0  4.75  5.5 
7.0  4.75  5.o 
5.75  6.0  4.75  5.5 
5.25  5.75  4.75  5.5 
PROTOCOL  NO.  5- 
Rabbit  40.  January  12,  1912.  White  Male;  Weight,  1,675 Grams. 
Right  Ganglion  Removed  Nine  Days  Ago. 
Time. 
xo:44 
Io:52 
IO:56 
Io:57 
i 1:02 
II:07 
II:16 
II:26 
11:39 
I1:51 
12:o6 
I2:21 
I2:29 
I:I5 
2.04 
3:I4 
Size of right pupil in ram.  Size of left (control) pupil in ram. 
3.75  4.25  3.75  4.1o 
3.75  4.0  4.5  5.0 
Received 2/xo e.c. per kilo of adrenalin into left ear vein. 
9.5 
8.0  9.0 
8.5  9.0 
8.0  8.5 
9.0 
8.0 
7.0  7.5 
7.0  7.5 
7.o 
6.5  7.25 
5.75  6.25 
5.0  5.5 
4.75  5.75 
3.75  4.5 
2.5  3.0 
3.5  3.75 
3.75  4.0 
4.o  4.5 
3.5  4.0 
4.0  4-5 
4.0  4.5 
4.5  5.25 
4.5  5.25 
4.25  5.0 
4.0  4.75 
4.0  4.5 
In the following chart have been plotted the average figures ob- 
tained  from each series  of animals  from which one ganglion had 
been  removed twenty-four hours  or  more before  the  intravenous 
injection of adrenalin.  The figures show the comparative effects 
of the different doses of adrenalin upon the pupil.  The amount of 
dilatation  is  shown  on  the  ordinates,  taking  the  abscissa  as  the 
normal diameter before the injection of adrenalin, while along the 
abscissa is given the time in minutes after the injection. Don  R.  Joseph. 
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SUMMARY  AND  CONCLUSIONS. 
It has been  shown by  these  experiments  that  after  the  removal 
of  one superior cervical  ganglion of  a  rabbit,  %0 of  a  cubic centi- 
meter  of  a  I :I,OOO adrenalin  solution  (~---0.02  of  a  milligram  of 
adrenalin)  per kilo of body weight injected  intravenously,  is prac- 
tically the minimum amount that will produce in nearly all cases  a 
perceptible dilatation of the pupil.  In one out of eight animals this 
dose  failed to give  a  definite effect,  while in two  others  the  effect 
was slight. 
Six experiments  with injections  of  %0  of  a  cubic  centimeter  of 
adrenalin per  kilo  of  body weight gave  the  following averages:  a 
maximum dilatation of 1.62 millimeters, which showed the first sign 
of  decreasing  in  four minutes and had  disappeared  entirely  in ten 
minutes after the  injection. 
Six experiments with %0 of a cubic centimeter  per kilo gave the 
following  averages:  a  maximum  dilatation  of  2.25  millimeters, 
which began to disappear  in eight minutes and had entirely  disap- 
peared  in twenty-eight minutes. 
For thirteen experiments with %0 of a cubic centimeter of adren- 
alin per  kilo  these  averages  were:  a  maximum  dilatation  of  3.5I 656  Effects  of  Adrenalin  on  Pupils  of  Rabbits. 
millimeters, a  beginning recovery  from  d~latation  in  six  minutes, 
with complete recovery of the pupil in thirty-seven minutes. 
With ~0  of a  cubic centimeter of adrenalin per kilo  (eight ex- 
:periments) the averages were: a maximum dilatation of 3.87 milli- 
meters, a beginning recovery in ten minutes, with complete recovery 
of the pupil in forty-five minutes. 
Finally,  eleven  experiments  with  2A0  of  a  cubic  centimeter  of 
adrenalin per kilo gave averages as  follows: a maximum dilatation 
of 4.38 millimeters, a beginning recovery from dilatation in twenty 
minutes,  with  complete recovery  only after  one  hundred minutes 
or more. 
The time between the injection and the appearance of the maxi- 
mum dilatation of the pupil varied somewhat according to the dose 
of adrenalin.  In the series of experiments with ~o of a cubic centi- 
meter of  adrenalin per  kilo  of body weight  the  average  for  this 
interval was  one minute; in the series  with ~0,  ~0,  and ~o  of a 
cubic  centimeter  the  average  length  of  this  interval  was  about 
three minutes, while the experiments with ~0 of a  cubic centimeter 
give us an average for this interval of six and a half minutes, with 
individual instances in which the maximum dilatation was seen only 
after fourteen, seventeen, and twenty-two minutes after the injection. 
In those animals in which the maximum pupil dilatation was espe- 
cially  delayed,  there  were  almost  always  more  or  less  alarming 
symptoms of general prostration  for a  short  time after the injec- 
tion, and the maximum dilatation appeared as these symptoms grad- 
nalIy disappeared. 
In other words, with an increase in the size of the dose of adren- 
alin,  there was  a  gradual  increase in the  following:  (1)  the time 
between the injection and the appearance of the maximum dilata- 
tion;  (2)  the amount of dilatation produced;  (3)  the interval be- 
tween the injection and the beginning of recovery from dilatation; 
and (4) in the total time between the injection and the return of the 
pupil to its normal size. 
_After removal of the ganglion a  certain time must elapse before 
the increase in the sensitiveness develops.  During the first ten to 
fifteen hours  there  is  practically  no  increase  in  the  sensitiveness. 
.After eighteen hours a moderate effect can be obtained which rap- Don  R.  Joseph.  657 
~dly  increases  so  that  by  twenty  to  twenty-four hours  after  the 
removal of the ganglion any given dose of adrenalin produces prac- 
tically as great a  dilatation as it will give at any later time. 
The experiments teach us that, on account of the individual varia- 
tion in the degree of dilatation produced by a given dose of adrenin, 
we may not determine with exactness from any given degree of dila- 
tation  of the pupil  the quantity of adrenin injected into the  blood 
stream,  and  that  we  can  not  state  with  absolute  exactness  either 
the smallest dose that will constantly cause a  dilatation, or mention 
the exact amount of adrenin which will in no case cause a dilatation 
,of  the  pupil.  However,  the  results  permit  the  general  statement 
that  very small  doses  of adrenin on entering the circulation cause 
:a fairly prolonged definite dilatation of a  deganglionized pupil. 
Since  this  is  true,  there  are  then  at  least  two  ways  in  which 
a  rabbit  from which one  superior  cervical ganglion  has  been  pre- 
viously  removed  may  be  used  for  determining  qualitatively  the 
:amount of adrenin present.  If,  for  example,  we  have  a  solution 
which may or may not contain adrenin, and upon injecting it obtain 
:a dilatation of the deganglionized pupil only while the pupil on the 
normal side remains unchanged in size, we are justified in assuming 
that  the solution contains  adrenin.  Again,  if  after stimulationof 
the  peripheral  end  of a  splanchnic nerve or other procedure  upon 
the  animal  body  under  conditions  that  exclude  the  possibility  of 
reflex effects, a  dilatation of the deganglionized pupil results, while 
its  normal mate  remains  unchanged, the  assumption  is  warranted, 
though not absolutely proved,  that  some adrenin  has  been thrown 
into the circulation. 
This  test  for  the  presence  of  adrenin  has  the  advantage  over 
other tests,  that  the pupil  on the  normal side  will  always act  as  a 
~ontrol. 